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(57) ABSTRACT 

A glass substrate excellent in strength properties and a glass 
cutting method are provided. When a glass substrate having 
predetermined siZe is to be formed by cutting a glass plate, 
any crack or chip is not generated on a cut face. Therefore, a 
pulverized poWder is prevented from being generated from 
this portion. A glass substrate is obtained by cutting at least 
With laser light radiation so that a surface roughness of cut 
side faces and of the glass substrate are 50 nm or less and a 
depth of laser marks and on the cut side faces are 0.06 mm or 
more. 

7 Claims, 8 Drawing Sheets 
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GLASS SUBSTRATE AND GLASS CUTTING 
METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present document is based on Japanese Priority Docu 
ment JP2002-215760, ?led in the Japanese Patent Of?ce on 
Jul. 24, 2002, the entire contents of Which being incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a glass substrate that is 

formed by cutting glass With laser light radiation and forced 
cooling, and to a glass cutting method. 

2. Description of Related Art 
In general, as a glass cutting method for cutting a glass 

plate vertically and horiZontally to produce a glass substrate 
With predetermined Width and length, there is a mechanical 
cutting method as described in, for example, Japanese Patent 
Publication No. 1 1-71124, or a laser cutting method for using 
laser light radiation is employed. 

In the case Where a cutting method With a mechanical 
process is employed, a blade pressuriZes glass to generate 
median cracks, that is, cracks propagating vertically onto a 
glass surface, thereby cutting the glass. In this cutting 
method, the thus formed glass cut faces are brought into 
contact With each other in a depressuriZation step of the blade, 
resulting-in generation of lateral cracks, that is, cracks propa 
gating horizontally on a glass surface. 

Therefore, it Was conventionally dif?cult to perfectly pre 
vent the generation of microcracks, that is, lateral cracks 
generated on a cut face in a mechanical glass cutting process. 
The generation of cracks also leads to generation of a pulver 
iZed poWder, so-called cullet. As a result, inconveniences 
occur in that, for example, the cullet covers the surface of a 
display and impairs the visibility. Moreover, in the case Where 
a glass substrate is used for a touch panel or the like, the cullet 
adheres to a transparent conductive layer and causes short 
circuit. 

Although there is a method for reducing the generation of 
such lateral cracks through a chemical treatment, such a 
method Wanes the productivity, leading to increased cost. 
Moreover, the use of a chemical treatment has a problem in 
that it generates a variation in glass strength. 
On the other hand, as a laser cutting method, for example, 

a heat cutting method With a carbon dioxide gas laser has been 
proposed in Japanese Patent Publication No. 8-217478, J apa 
nese Patent Publication No. 11-254172 and the like. 

In the case Where a cutting method only With normal laser 
light radiation is used, hoWever, on a cut side face of the glass 
substrate 1 Which is formed by radiating laser light, minute 
cracks and cullet are adversely generated in a laser mark 2 that 
appears from the laser-irradiated side, as represented by a 
schematic sectional structure shoWing an example thereof in 
FIG. 8. 

To cope With such a problem, a cutting method, Which 
takes advantage of combined effects of heating through radia 
tion of a carbon dioxide gas laser or the like and forced 
cooling using Water or a compressed air, has been proposed. 
According to this method, a thermal strain is generated in 
glass oWing to the combined effects and is used as a trigger to 
cut a glass to be separated. 

In particular, this cutting method incorporating laser radia 
tion and forced cooling attracts attention as a cutting method 
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2 
for obtaining a thin glass substrate having a thickness of 1.1 
mm or less, for example, about 0.3 to 0.7 mm. Such a thin 
glass substrate is utiliZed for a touch panel that is recently 
attached on a surface of various displays as a simple Way of 
inputting information or for a portable terminal using such a 
touch panel. 

This method is advantageous in that microcracks are 
scarcely generated because no mechanical force is applied to 
a glass. 

SUMMARY OF THE INVENTION 

Even in the case Where such laser light radiation and forced 
cooling are conducted, hoWever, as schematically illustrated 
in FIG. 9A, if laser light is radiated on a glass plate 10, for 
example, in a horiZontal direction indicated With a broken line 
x1 and longitudinal directions indicated With broken lines y 1 
and y2, folloWed by forced cooling so as to cut the glass plate 
10, a burr 11 or a chip 12 occurs at an intersection a of 
horiZontal laser radiation and longitudinal laser radiation as 
shoWn in FIG. 9B. 
At the intersection a, it is desirable that cut faces should be 

vertical as shoWn in FIG. 9C. In fact, hoWever, a cut face 
becomes slant or curved to give rise to degradation of dimen 
sional accuracy. As a result, the productivity and yield 
decrease, Which in turn disadvantageously increases the cost. 
The present invention provides a glass substrate excellent 

in strength properties and a glass cutting method, Which pre 
vents the generation of a crack and a chip on cut faces When 
a glass substrate having predetermined siZe is separated from 
a glass plate, thus avoiding the generation of any pulveriZed 
poWder at the cut portion. 

In the present invention, a glass substrate is formed by 
cutting at least With laser light radiation, Wherein a surface 
roughness is 50 nm or less on a cut side face of the glass 
substrate and a depth of a laser mark on the cut side face is 
0.06 mm or more. 

Moreover, in the above-described structure, the depths of 
the laser marks are different on a ?rst cut side face of the glass 
substrate and on a second cut side face of the glass substrate. 
The second cut face is different from the ?rst cut side face. 

Furthermore, the above-described depths of the laser 
marks are different by 2% or more betWeen on the ?rst cut 
side face and on the second cut side face. 

Moreover, in each of the above-described structures, the 
laser mark is formed on the ?rst cut side face of the glass 
substrate so as to have a predetermined depth from a ?rst 
principal surface of the glass substrate, Whereas the laser 
mask is formed on the second cut side face of the glass 
substrate so as to have a predetermined depth from a second 
principal surface. The second cut side face is different from 
the ?rst cut side face and the second principal surface is the 
back surface of the ?rst principal surface. 

Furthermore, in a glass cutting method for cutting a glass 
plate using at least laser light radiation and forced cooling, 
cutting is carried out While varying a laser poWer or a scan 
ning speed of laser light betWeen in a ?rst cutting direction 
With respect to the glass plate and in a second cutting direc 
tion. The second cutting direction is different from the ?rst 
cutting direction. 

Moreover, in the above-described glass cutting method, the 
laserpoWer or the scanning speed of the laser light is varied by 
4% or more betWeen in the ?rst cutting direction and in the 
second cutting direction. 

Furthermore, in a glass cutting method for cutting a glass 
plate using laser light radiation and forced cooling, including 
the steps of radiating laser light onto the ?rst principal surface 
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of the glass plate so as to cut the glass plate in the ?rst cutting 
direction, and radiating laser light radiation onto the second 
principal surface of the glass plate so as to cut the glass plate 
in the second cutting direction. The second cutting direction 
is different from the ?rst cutting direction and the second 
principal surface is the back surface of the ?rst principal 
surface. 

Furthermore, the glass substrate having the above-de 
scribed structure is used for a touch panel including a glass 
substrate, a light-transmitting conductive layer formed on the 
glass substrate, and a ?lm base material arranged so as to be 
opposed to the glass substrate at a predetermined distance 
therebetWeen. 

Furthermore, in the present invention, the glass substrate 
having the above-described structure is used for a portable 
terminal With a touch panel. 

As described above, in the present invention, in a glass 
cutting method using laser light radiation and forced cooling, 
immediately after laser light is radiated at a different laser 
poWer or a different scanning speed of the laser light so that 
depth of the laser mark on the ?rst cut side face of the glass 
substrate differs from that on the second cut side face, forced 
cooling is performed so as to cut the glass. In this manner, the 
generation of any crack or burr can be prevented at an inter 
section betWeen the ?rst cut side face and the second cut side 
face. As a result, the glass substrate canbe obtained by cutting 
at predetermined dimensional accuracy. 

Furthermore, the glass substrate is cut in the ?rst cutting 
direction and in the second cutting direction by radiating laser 
light from different principal surfaces (the front surface and 
the back surface) of the glass substrate, respectively, so that 
laser marks are vertically separated on the different cut side 
faces. As a result, the generation of any crack or burr can be 
prevented at the intersection betWeen the ?rst and the second 
cut side faces in the same manner as above. Therefore, the 
glass substrate can be obtained by cutting at predetermined 
dimensional accuracy. 

The reason for success in such cutting is understood to be 
as folloWs. A stress of a strain, Which might be otherWise 
generated by heating With laser light radiation folloWed by 
forced cooling, can be prevented from being generated in tWo 
directions at the intersection of the cut side faces. A stress is 
generated only in a direction vertical to glass cutting, that is, 
only in a direction vertical to a principal surface of the glass 
substrate so as to cut the glass plate. 

According to such a glass cutting method of the present 
invention, a surface roughness of the cut side face is 50 nm or 
less, so that a glass substrate Which does not require any 
chemical treatment on its side faces can be obtained. More 
over, the glass substrate can maintain a strength of 45 kgf or 
more based on a static load measurement. 

Furthermore, according to the present invention, since any 
crack or burr is not generated, a thin glass substrate at prede 
termined dimensional accuracy can be manufactured With 
good productivity and yield. Therefore, in the case Where the 
glass substrate according to the present invention is used for 
a touch panel or a portable terminal, the improvement in 
productivity and yield as Well as the reduction in cost can be 
ensured. 

As described above, in a glass cutting method, laser marks 
have different depths on the cut side faces of a glass substrate 
after cutting. Moreover, the laser marks are formed from the 
?rst principal surface and the second principal surface of the 
glass substrate. As a result, the generation of a burr or a chip 
on the cut side face of glass can be avoided, so that the glass 
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4 
substrate, on Which no pulveriZed poWder is adhered, can be 
manufactured at predetermined dimensional accuracy With 
good yield and productivity. 

According to the present invention as described above, any 
crack is prevented from being generated on the cut side faces. 
Glass breakage and glass chip, Which might otherWise occur 
due to the generation of a crack, are reduced and remarkably 
decreased, respectively. As a result, a glass substrate for a 
touch panel, excellent in properties, can be provided. 

Moreover, the static load strength of glass can be improved 
to about 45 kgf or more, Which is higher than a conventional 
strength. Therefore, for a touch panel using this glass sub 
strate, the strength of a product can be improved. 

In particular, the strength against a pressure to a touch 
panel at the time of inputting information, Which is peculiar to 
a touch panel, or the strength against a load or an impulse 
applied by an accidental force in the daily life, can be 
improved. As a result, product failure and complaints from 
consumers can be reduced. 

Therefore, according to the present invention, the improve 
ment in reliability, durability and quality of a product itself 
such as a touch panel or a portable terminal can be achieved. 
Furthermore, the glass substrate can be further thinned, 
Whereby a touch panel and a portable terminal can be thinner 
and lighter, siZe and Weight. 

Furthermore, in the case Where a product is not intended to 
be miniaturized, the functionality of the product can be 
enhanced by adding functions oWing to saving space Which is 
realiZed by reducing a thickness of the substrate. Moreover, 
the improvement in assembly accuracy of products and the 
reduction in variation of product quality can be realiZed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the 
present invention Will become more apparent from the fol 
loWing description of the presently preferred exemplary 
embodiments of the present invention taken in conjunction 
With the accompanying draWings, in Which: 

FIG. 1A is a schematic perspective vieW of an example of 
a glass substrate, FIG. 1B is a schematic side vieW of a 
principal part of an example of the glass substrate, FIG. 1C is 
a schematic side vieW of a principal part of an example of the 
glass substrate, and FIG. 1D is a schematic side vieW of a 
principal part of an example of the glass substrate; 

FIG. 2A is an illustration of an example of a glass cutting 
method, FIG. 2B is an illustration of an example of the glass 
cutting method, and FIG. 2C is an illustration of an example 
of the glass cutting method; 

FIG. 3A is an illustration of an example of a glass cutting 
method, FIG. 3B is an illustration of an example of the glass 
cutting method, and FIG. 3C is an illustration of an example 
of the glass cutting method; 

FIG. 4 is a distribution map shoWing a relationship betWeen 
sample numbers and the load strength of glass substrates; 

FIG. 5A is a schematic plan vieW of a frame of a touch 
panel, and FIG. 5B is a schematic sectional vieW of a frame of 
a touch panel; 

FIG. 6A is an illustration of an inner end edge of a WindoW 
portion of a frame of a touch panel, FIG. 6B is an illustration 
of an inner end edge of a WindoW portion of a frame of a touch 
panel, and FIG. 6C is an illustration of an inner end edge of a 
WindoW portion of a frame of a touch panel; 

FIG. 7A is an illustration of a strength of a glass substrate, 
FIG. 7B is an illustration of a strength of a glass substrate, 
FIG. 7C is an illustration of a strength of a glass substrate, and 
FIG. 7D is an illustration of a strength of a glass substrate; 
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FIG. 8 is a schematic sectional vieW of an example of a 
conventional glass substrate; and 

FIG. 9A is an illustration of a glass cutting method, FIG. 
9B is an illustration of cut side faces of glass, and FIG. 9C is 
an illustration of cut side faces of glass. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, embodiments of a glass substrate and a glass 
cutting method according to the present invention and 
examples and comparative examples based on the embodi 
ments Will be described in detail With reference to the accom 
panying draWings. In the folloWing embodiments, the case 
Where the present invention is applied to a glass substrate for 
a portable terminal equipped With a touch panel and to a 
cutting method for obtaining such a glass substrate Will be 
described. HoWever, it is apparent that various changes and 
modi?cations are possible unless the invention departs from 
the scope of the present invention. 

In FIGS. 1A to ID, a schematic structure of a glass sub 
strate 1 according to a structure of the present invention is 
shoWn. As a material of the glass substrate 1, besides so 
called soda glass made of Na, K and SiO2, nonalkali glass can 
also be used. 
As shoWn in FIG. 1A, the glass substrate 1 has a ?rst 

principal surface 1A and a second principal surface 1B. The 
glass substrate 1 also has a ?rst side face 3A and a second side 
face 3B along tWo perpendicularly crossing directions indi 
cated With, for example, arroWs x and y, respectively. 

In the glass substrate according to the present invention, as 
shoWn in FIG. 1B, a laser mark 2A having a depth d, from the 
?rst principal surface 1A is formed on the ?rst side face 3A. 
As shoWn in FIG. 1C, a laser mark 2B having a depth d2 from 
the ?rst principal surface 1A is formed on the second side face 
3B. The relationship betWeen the above-described depths d, 
and d2 is established as dl#d2. 

Another glass substrate according to the present invention 
is formed so that the laser mark 2A having the depth dl from 
the ?rst principal surface 1A is formed on the ?rst side face 
3A as shoWn in FIG. 1B While the laser mark 2B having the 
depth d2 from the second principal surface 1B is formed on 
the second side face 3B. In this case, the relationship betWeen 
the depths dl and d2 may be either dl:d2 or dl#d2. 

Next, a glass cutting method for cutting a glass as described 
above Will be described. 

First, as shoWn in a schematic plan vieW of FIG. 2A, a glass 
plate 10 made of soda glass or the like With a thickness of, for 
example, 0.7 mm is cut With laser light radiation and forced 
cooling in a ?rst cutting direction indicated With horiZontal 
broken lines xl to x5 in FIG. 2A and in a second cutting 
direction indicated With longitudinal broken lines y l to y5. 

In the present invention, as in FIGS. 2B and 2C Where laser 
light radiation regions respectively are shoWn as concave 
notches on the ?rst principal surface 1A of the glass plate 10, 
a cut depth of the laser radiation region in the ?rst cutting 
direction is made different from that in the second cutting 
direction. 

Speci?cally, as shoWn in FIG. 2B, for laser light radiation 
in a vertical direction indicated With arroWs x 1' to x5‘, a depth 
in the ?rst cutting direction is set at d, in the ?rst cutting 
direction corresponding to the broken lines xl to x5 in FIG. 
2A. 
As shoWn in FIG. 2C, for laser light radiation in a vertical 

direction indicated With arroWs yl' to y5', the laser light radia 
tion is conducted so that a depth d2 in the second cutting 
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6 
direction differs from the above-described depth dl in the 
second cutting direction corresponding to the broken lines y l 
to y5 in FIG. 2A. 

As a speci?c method for making the depths in the respec 
tive cutting directions different from each other, a method of 
varying a laser poWer or a scanning speed of laser light radia 
tion can be adapted. 

Since the de?nition itself of a quantitative measurement of 
a processing depth While varying the conditions of laser light 
radiation is not standardiZed, the result of such a measure 
ment is not generally represented in numerical terms. For 
simpli?cation, hoWever, examples and comparative examples 
described beloW are carried out, assuming that the energy of 
laser radiation for each unit area and the laser processing 
depth are in proportion to each other in this speci?cation. 

In another aspect of the present invention, as schematically 
shoWn in FIGS. 3A and 3C, laser light radiation is performed 
from the side of the ?rst principal surface 1A and the side of 
the second principal surface 1B of the glass plate 10, respec 
tively. 

Speci?cally, for cutting in the ?rst cutting direction indi 
cated With the broken lines xl to x5 in FIG. 3A, laser light is 
radiated onto the ?rst principal surface 1A of the glass plate 
10 as schematically indicated With arroWs xl' to x5‘ in FIG. 
3B. 

For cutting in the second cutting direction indicated With the 
broken lines yl to y5 in FIG. 3A, When scanning radiation of 
laser light is implemented in a direction vertical to the paper 
plane of FIG. 3C, laser light is radiated onto the second 
principal surface 1B of the glass plate 10 as schematically 
indicated With arroWs yl' to y5' in FIG. 3C. 

In FIGS. 2B, 2C, 3B and 3C described above, a cut portion 
is schematically illustrated as a concave notch in a laser light 
radiation region. This cut portion schematically represents a 
region constituting the laser mark 2 on the cut side face, 
described in FIGS. 1A to 1D. The laser mark is formed at 
directly beloW the principal surface by laser radiation and 
forced cooling, Which corresponds to the concave notch. 
BeloW the laser mark, the cut side face perpendicular to the 
principal surface of the substrate is formed. 

In any of the above-described cases, immediately after 
scanning radiation of laser light, forced cooling is performed 
by approaching a noZZle for spraying, for example, a volatile 
material such as ethanol, methanol, isopropyl alcohol or 
acetone, or a compressed gas such as air or an N2 gas to a laser 
spot. 

EXAMPLES 

Next, glass substrates Were cut With the above-described 
glass cutting method, as shoWing in Examples 1 to 10 and 
Comparative Examples 1 to 5 beloW, the signi?cant effects of 
dimensional accuracy Was con?rmed according to the present 
invention. 

In the folloWing examples and comparative examples, the 
glass plate 10 made of soda glass With a thickness of 0.7 mm 
Was prepared. The radiation of a carbon dioxide gas laser With 
a laser poWer of 50 W and forced cooling by means of spray 
of ethanol from a noZZle Were performed to the glass plate 10 
to make a glass substrate for a touch panel, having siZe of 
87.65 mm by 64.65 mm, as the target siZe. 

The scanning radiation of the carbon dioxide laser Was 
implemented at a laser scanning speed of 4.8 m/minute in the 
?rst cutting direction indicated With the broken lines xl to x5 
in FIG. 2A and at a laser scanning speed of 5.2 m/minute in 
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the second cutting direction indicated With the broken lines yl 
to y5, thereby obtaining glass substrates of Examples 1 to 5, 
respectively, by cutting. 

Horizontal dimensions at the upper and loWer ends of each 
of the glass substrates in Examples 1 to 5 are denoted by 
horizontal dimensions 1 and 2, respectively. Longitudinal 
dimensions at the left and right ends are denoted by longitu 
dinal dimensions 1 and 2, respectively. The horizontal dimen 
sions 1 and 2 and the longitudinal dimensions 1 and 2 are 
shoWn in Table 1 beloW, Where these dimensions are all indi 
cated in mm. 

TABLE 1 

Horizontal Horizontal Longitudinal Longitudinal 
dimension 1 dimension 2 dimension 1 dimension 2 

Example 1 87.65 87.65 64.65 64.65 
Example 2 87.65 87.70 64.65 64.65 
Example 3 87.70 87.80 64.65 64.65 
Example 4 87.70 87.65 64.65 64.65 
Example 5 87.80 87.70 64.65 64.65 
Maximum 87.80 87.80 64.65 64.65 
value 
Minimum 87.65 87.65 64.65 64.65 
value 
Maximum 0.15 0.15 0.00 0.00 

error (+) 
Maximum 0.00 0.00 0.00 0.00 
error (—) 
Error span 0.15 0.15 0.00 0.00 

As Comparative Examples 1 to 5, glass substrates having 
the same target size as that of the glass substrates of Examples 
1 to 5 described above Were obtained by cutting a glass plate 
made of the same material With the same structure, but at a 
?xed laser scanning speed of 4.8 m/minute. The results are 
shoWn in Table 2 beloW. 

TABLE 2 

Horizontal Horizontal Longitudinal Longitudinal 
dimension 1 dimension 2 dimension 1 dimension 2 

Comparative 87.75 87.65 64.70 64.70 
Example 1 
Comparative 87.69 87.77 64.66 64.34 
Example 2 
Comparative 87.71 87.77 64. 63 64.64 
Example 3 
Comparative 87.70 87.95 64.70 64.70 
Example 4 
Comparative 87.72 87.73 64.66 64. 64 
Example 5 
Maximum 87.75 87.95 64.70 64.70 
value 
Minimum 87.69 87.65 64.63 64.34 
value 
Maximum 0.10 0.30 0.05 0.05 

error (+) 
Maximum 0.00 0.00 —0.02 —0.31 
error (—) 
Error span 0.10 0.00 0.07 0.36 

As can be seen from these results, in Examples 1 to 5 
obtained by the glass cutting method according to the present 
invention, that is, the method at different scanning speeds of 
laser light in the ?rst and the second cutting directions, the 
glass substrates can be formed to have a dimensional shape 
after cutting With the maximum plus error of 0. 1 5 mm and the 
minus error of 0.00 mm With respect to the target size. 

On the other hand, in Comparative Examples 1 to 5 
obtained by the method at the same scanning speed of laser 
light, a variation in dimensional shape occurs, that is, the 
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8 
maximum plus error of 0.3 mm and the maximum minus error 
of —0.31 mm. Moreover, in Comparative Examples 1 to 5, the 
occurrence of a burr Was visually con?rmed on each cut side 
face. 
When the ?rst and the second side cut faces Were formed 

after the above-described scanning speed of laser light Was 
changed from 4.8 m/minute to 4.9 m/minute, Which corre 
sponds to the amount of change of less than 4%, signi?cant 
results could not be obtained. Only the dimensional accuracy 
With an error span of about 0.3 mm could be obtained as in 
Comparative Examples 1 to 5. Moreover, the occurrence of a 
burr Was visually con?rmed on the cut side face. On the other 
hand, When the scanning speed Was changed by 4% or more, 
for example, the scanning speed Was changed to 5.0 
m/minute, the same error span as that in the examples shoWn 
in Table 1 could be obtained. Moreover, no burr Was observed 
on the cut face. 
The examination Was also carried out for the case Where a 

laser poWer of laser light Was varied. When the glass substrate 
made of the same material With the same structure as those of 
the glass substrates of Examples 1 to 5 described above Was 
formed by cutting at a laser poWer of 50 W in the ?rst cutting 
direction and a laser poWer of 48 W in the second cutting 
direction, the glass substrate could be separated at dimen 
sional accuracy With an error span of about 0.15 mm as in 
each of the examples described above. 

Furthermore, also in this case, glass Was cut With laser 
radiation in the ?rst and the second cutting directions With the 
amount of change in laser poWer of less than 4%, folloWed by 
forced cooling. As a result, as in each of the comparative 
examples described above, an error span Was about 0.3 mm or 
more. Moreover, the occurrence of a burr Was visually con 
?rmed. 

Thus, in the present invention, as a speci?c method for 
providing laser marks having different depths, laser light is 
radiated With a difference of 4% or more in scanning speed as 
Well as in laser poWer. 

Based on the folloWing results of measurements, it Was 
found that a depth of a laser mark of 0.06 mm or more Was 
required as a depth of a laser mark. 

In the folloWing example, glass plates made of soda glass 
respectively With thicknesses of 0.7 mm and 0.55 mm Were 
prepared. Laser marks Were made to have different depths in 
the ?rst and the second cutting directions described above. 
Then, the shalloW depth of the laser mark and a static load 
strength to a glass substrate after each cutting Were measured. 
The static load strength Was measured by a normal glass 
breaking strength measurement device With a pres ser having 
a diameter of 20 mm and at a pressurizing rate of 1 mm/sec 
ond. The results Were shoWn in Table 3 beloW. 

TABLE 3 

Glass strength against crack kgi 

Depth of laser Glass With thickness Glass With thickness 
mark [mm] of0.7 mm of0.55 mm 

0.04 28 20 
0.06 49 32 
0.08 54 35 
0.10 60 37 
0.12 60 37 
0.13 60 37 

As can be seen from the results, in the case Where the depth 
ofa laser mark Was less than 0.06 mm, i.e., 0.04 mm, the static 
load strength is remarkably deteriorated, that is, as loW as 28 
kgf or less. On the other hand, in the case Where the depth of 
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a laser mark Was 0.06 mm, the static load strength Was 
improved even by 21 kgf for glass having a thickness of 0.7 
mm and by 12 kgf for glass having a thickness of 0.55 mm, as 
compared With the case Where the depth of a laser mark Was 
0.04 mm. 

Therefore, for the glass substrates according to the present 
invention, the depth of a laser mark is selected to be 0.06 mm 
or larger. 

Next, the results of measurements in the case Where the 
glass plate Was cut in the ?rst and the second cutting direc 
tions by radiating laser light from its ?rst and second principal 
surfaces are shoWn. 

In Examples 6 to 10, the glass plate Was cut load light 
radiation from the ?rst and the second principal surfaces at a 
laser poWer of 50 W and a laser scanning speed of 4.8 
m/minute, folloWed by forced cooling. The dimensional 
accuracy of each of the glass substrates obtained by cutting 
Was measured in the same manner as in Examples 1 to 5 and 

Comparative Examples 1 to 5 described above. In Table 4, all 
dimensional values are indicated in mm. 

TABLE 4 

Horizontal Horizontal Longitudinal Longitudinal 
dimension 1 dimension 2 dimension 1 dimension 2 

Example 6 87.70 87.65 64.65 64.65 
Example 7 87.65 87.65 64.65 64.65 
Example 8 87.65 87.70 64.65 64.65 
Example 9 87.65 87.65 64.65 64.65 
Example 10 87.65 87.70 64.65 64.65 
Maximum 87.70 87.70 64.65 64.65 
value 
Minimum 87.65 87.65 64.65 64.65 
value 
Maximum 0.05 0.05 0.00 0.00 

error (+) 
Maximum 0.00 0.00 0.00 0.00 

error (—) 
Error span 0.05 0.05 0.00 0.00 

As can be seen from the results, in the case Where laser light 
is radiated from the ?rst and the second principal surfaces, 
dimensional errors are 0.05 mm for a plus error and 0.00 mm 

for a minus error. Therefore, it is found that an error span is 
restrained to 0.05 mm or less. 

Moreover, a surface roughness of the cut side face in each 
of Examples 1 to 10 described above Was measured through 
an atomic force microscope (AFM). Then, it Was found that a 
surface roughness could be restrained to 50 nm or less in all 
Examples. 

Moreover, FIG. 4 shoWs the results of measurements for a 
static load strength of a glass substrate obtained by cutting 
according to the present invention including Examples 
described above and a static load strength of a glass substrate 
obtained by cutting With a carbide roller. In this case, the static 
load strength Was also measured With a normal glass breaking 
strength measurement device. A diameter of a presser Was 20 
mm, and a pressuriZing rate Was set at 1 mm/ second. In FIG. 
4, a solid line a represents the glass substrate according to the 
present invention, While a solid line b represents the glass 
substrate having a conventional structure obtained by cutting 
With the carbide roller. The peak number of samples Was 
obtained at a static load strength of about 65 kgf according to 
the present invention. On the other hand, a strength of only 
about 30 kgf Was obtained for glass substrates of a conven 
tional structure. 
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Based on this result, it is understood that the glass sub 

strates obtained by the glass cutting method according to the 
present invention have a static load strength of about 45 kgf or 
more. 

The example Where such a glass substrate excellent in 
strength properties as compared With a conventional glass 
substrate is used for a touch panel is schematically shoWn in 
FIGS. 5A and 5B. In FIG. 5A, a frame 21 for mounting and 
?xing a glass substrate used for a touch panel thereon is 
shoWn. The frame 21, Which is made of anAl alloy or the like, 
is ?xedly placed on each of various displays such as a liquid 
crystal display device or an organic EL (Electro Lumines 
cence) display device. A WindoW section 22 is formed at the 
position corresponding to a display screen. 

FIG. 5B shoWs a schematic sectional structure in the state 
Where a touch panel 30 is ?xedly mounted onto the frame 21. 
The touch panel 30 is constituted as folloWs. On the glass 
substrate 1, a light-transmitting conductive layer made of ITO 
(a complex oxide of IniSn) is formed to have a predeter 
mined pattern through sputtering or the like, although not 
shoWn in the draWings. On this light-transmitting conductive 
layer, a ?lm base material 31, on Which another light-trans 
mitting conductive layer made of ITO or the like is formed to 
have a predetermined pattern, is provided through spacers 
made of an acrylic resin or the like. The ?lm base material 31 
and the glass substrate 1 are arranged so as to be opposed to 
each other With a predetermined distance therebetWeen so 
that the light-emitting conductive layers are situated on the 
inner sides. Then, the ?lm base material 31 and the glass 
substrate 1 are supported and ?xed at a distance of about 
several um therebetWeen, for example, through an adhesive 
tape, for example, at an outer edge 32. 

In the present invention, along With the improvement in 
strength of the glass substrate 1, in particular, an inner end 
edge 23 of the WindoW section of the frame 21 is constituted 
to have a shape obtained through various processes as sche 
matically shoWn in FIGS. 6A to 6C. For example, as shoWn in 
FIG. 6A, a peripheral surface 2311, that is, an R-surface having 
a radius r of 0.2 mm or more and 0.5 mm or less is provided. 

Alternatively, as shoWn in FIG. 6B, a slope 23b is provided 
to have a length 1 of0.2 mm or more and 0.5 mm or less from 
the inner end edge and at an angle 0 of 100 and or more and 
45° or less from a plane parallel to the glass substrate. 

Further alternatively, as shoWn in FIG. 6C, a step 230 is 
provided to have a Width W of 0.2 mm or more and 0.5 mm or 

less from the inner end edge and a step height h of 0.2 mm or 
more and 0.5 mm or less from a plane opposed to the glass 
substrate. 
By processing the inner end edge 23 of the WindoW section 

in this manner, the load strength of the glass base material, 
Which is ?xedly attached onto the frame 21 through a tape, a 
paste or the like, can be increased. 

In the case Where a peripheral surface is formed on the 
inner end edge 23 of the WindoW section of the frame 21 
described above, a yield is remarkably decreased With the 
radius r of less than 0.2 mm. Although the radius r exceeding 
0.5 mm is effective against glass breakage, the Workability is 
disadvantageously decreased in a fabrication process. There 
fore, in the case Where a peripheral surface is formed, it is 
desirable that the radius r is should be set Within the range of 
0.2 mm to 0.5 mm. 

In the case Where a slope is formed on the inner end edge 23 
of the WindoW section of the frame 21, no change is observed 
in yield With the length 1 of 0.2 mm at the angle 0 of 45° or 
more. Since a stable strength is obtained With the length 1 in 
the range of 0.2 mm to 0.5 mm at the angle 0 in the range of 
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10° to 45°, it is desired that the length 1 and the angle 0 should 
be selected Within the above ranges When a slope is formed. 

Moreover, also in the case Where the step is provided, 
signi?cant effects in terms of glass strength can be obtained 
When the step Width W is selected to be Within the range of 0.2 
mm to 0.5 mm and the step height h is selected to be Within the 
range of 0.2 mm to 0.5 mm. Therefore, it is desirable that the 
step should be formed so that its Width and height fall Within 
the above ranges. 

As described above, a peripheral surface, a slope or a step 
is formed on the inner end edge of the WindoW section of the 
frame at the display, on Which a touch panel is ?xedly placed, 
thereby further increasing the load strength of glass. As a 
result, the strength of a product can be improved. 
As a material of the glass substrate, soda glass or the like 

can be used as described above. In the case Where a glass 
substrate manufactured by a ?oat method is used, the glass 
substrate can further hold the strength by the folloWing 
method. 

A ?oat method is a method of manufacturing glass. 
According to this method, a glass material is molten in tabular 
and is then alloWed to ?oW on molten Sn so as to generate a 
compression stress on a surface Which is not in contact With 
molten Sn, thereby improving the ?atness of this surface. In a 
glass substrate manufactured by the ?oat method, as sche 
matically illustrated in FIG. 7A, compression stresses p1 and 
p2 are generated on the surface opposed to a ?oat surface 3 
side (the surface being in contact With molten Sn). When a 
load is applied from the ?oat surface 3 side as indicated With 
an arroW g1, a tension is generated in the direction offsetting 
the compression stresses p l and p2. 

In the case Where an applied load g2 is small as shoWn in 
FIG. 7B, tensions t1 and t2 are offset by the compression 
stresses p1 and p2. When an applied load g3 is increased as 
shoWn in FIG. 7C, tensions t1‘ and t2‘ become equal to the 
compression stresses p1 and p2. The glass substrate 1 nor 
mally maintains the load strength up to this state. If the 
applied load is further increased, the glass substrate 1 is 
broken as shoWn in FIG. 7D. 

As described above, since the glass substrate manufactured 
by the ?oat method has compression stresses on its front 
surface, such a glass substrate has a high load strength against 
the pressure from its back surface as compared With other 
glass substrates. 

HoWever, in the case Where the glass substrate 1 is used as 
a glass substrate for a touch panel, the glass substrate is heated 
at a high temperature of 300° C. or higher When a light 
transmitting conductive layer, an SiO2 coating ?lm or the like 
is groWn by sputtering, vapor deposition, dipping or the like. 
At this high-temperature heating, due to annealing effects 

in Which a compression stress inherent to the glass substrate 
manufactured by the ?oat method is released by heat, the 
glass substrate can no longer hold its original load strength. 
Speci?cally, the strength oWing to compression stresses 
described above in FIGS. 7A to 7C disappears. As a result, the 
load strength resulting from the ?oat surface 3 is deteriorated. 

The inventors and the like succeeded in reduction of release 
of stresses due to heat by using a loW-temperature ?lm groWth 
method at 200° C. or loWer When a conductive layer made of 
ITO or the like is to be groWn by sputtering or vapor deposi 
tion described above. As a result, a signi?cant difference 
could be obtained in load strength after ?lm groWth. 

The folloWing Table 5 shoWs the number of samples of 
glass substrates after ?lm groWth through conventional sput 
tering, the number of samples of glass substrates after ?lm 
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12 
groWth through loW-temperature sputtering, average load 
strengths (N), their standard deviations, the minimum values 
and the maximum values. 

TABLE 5 

Glass 
substrate Glass substrate 

Before formed by formed by 
?lm normal low-temperature 

growth sputtering sputtering 

Sample number 100 100 100 
Average load 16.42 7.57 14.60 
strength [N] 
Standard 3 .044 1.804 3.044 
deviation 
Minimum value 9.40 5 .31 7.47 
Maximum value 20.11 13.37 18.80 
Amount of i 8.81 1.81 

degradation 
under load [N] 

As can be seen from Table 5, for a glass substrate after 
conventional ?lm groWth, the load strength is deteriorated by 
about 9 N in terms of the mean value. On the other hand, the 
deterioration in load strength is stayed about 2 N in the case of 
the glass substrate obtained through loW-temperature sputter 
ing at 200° C. or loWer. 

Therefore, a light-transmitting conductive layer made of 
ITO or the like is formed on the glass substrate by loW 
temperature sputtering at 200° C. or loWer, so that the original 
strength of the glass substrate that is manufactured by the ?oat 
method can be maintained. Furthermore, the strength of a 
product can be maintained. As a result, it is understood that 
the reliability of a product can be improved. 
As described above, according to the present invention, in 

a glass cutting method, glass is cut While varying a laser 
poWer of laser light or a scanning speed of laser light betWeen 
a ?rst cutting direction and a second cutting direction so that 
laser marks have different depths on cut side faces of a glass 
substrate after cutting. As a result, a slant face or a curved face 
can be prevented from being generated on the cut side face. 
Therefore, the glass substrate canbe formed With vertical side 
faces. 

Each of the above described examples has been described 
for the case Where the glass substrate is used for a touch panel 
or a touch panel of a portable terminal. HoWever, it is apparent 
that various changes and modi?cations are possible for the 
present invention unless the present invention departs from 
the above-described structure of the present invention. For 
example, the present invention is applicable to a glass sub 
strate Which is used for various displays such as PDA (Per 
sonal Digital Assistant), POS (Point Of Sales) orATM (Auto 
matic Teller Machine). 
What is claimed is: 
1. A glass substrate for a touch panel, the glass substrate 

formed by cutting at least With laser light radiation, compris 
ing: 

said glass substrate having a ?rst principal surface and a cut 
side face substantially perpendicular to said ?rst princi 
pal surface, said cut side face at least partially formed by 
a cutting method including at least cutting With laser 
light radiation, Wherein a surface roughness of the cut 
side face of said glass substrate is 50 nm or less, and a 
depth of a ?rst laser mark formed by said laser light 
radiation on said cut side face is 0.06 mm or more; and 

the glass substrate includes at least one second side surface 
at said outermost peripheral edge of said ?rst principal 
surface, the at least one second side surface is substan 
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tially perpendicular to said ?rst principal surface and 5. The glass substrate according to claim 1, further com 
includes a second laser mark formed thereon, the second prising: 
laser mark extends from said peripheral edge of said ?rst a second principal surface, Wherein the at least one second 
principal surface along said at least one second side side surface being provided at an outermost peripheral 
surface for a depth of 0.06 mm or more, 5 edge of said second principal surface, said second prin 

Wherein said glass substrate has a strength of 55 kgf or cipal surface being opposite to said ?rst principal sur 
more and 90 kgf or less based on a static load test, and face; and 
said depth of said ?rst laser mark is different from said Wherein the second laser mark extends from said periph 
depth of said second laser mark. eral edge of said second principal surface along said at 

2. The glass substrate according to claim 1, Wherein said 10 least one second side surface for a depth of 0.06 mm or 
glass substrate has no crack and pulverized poWder at said at more. 
least one ?rst side surface. 6. The glass substrate according to claim 1, Wherein said 

3. The glass substrate according to claim 1, glass substrate has a thickness equal to or greater than 0.25 
Wherein said at least one second side surface is substan- mm and less than or equal to 0.7 mm. 

tially perpendicular to said at least one ?rst side surface. 15 7. The glass substrate according to claim 1, Wherein said 
4. The glass substrate according to claim 1, Wherein the glass substrate is a planar glass plate. 

difference in depths betWeen said ?rst laser mark and said 
second laser mark is 2% or more. * * * * * 


